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Although the subjiMjt matti*jr of histocfaemittUy- • 
can be detim?fl th« *'iclentificfttiott and locaiicu- 
tiou, of chettiooJ suUrtanws iu the tissues on a 
..«. 1 ..iT i,.vm1" ^'"XW rrirsm" W\Mf1'^t•h^^)x^^nt^ will 
prefer to jE;ive tHeir dwoipUne a ^v\dev »<!op« uAti 
inclodo as another important auti, thitof obtain- 
ing quantitivtive inforaiation. Qutintitation mtasi 
to bft of paramount importance in hiatochmlfltry 
for any study of metabolic dc^vitv' or biological 
sigiiifttiarice of a. given conatituont of a cf^ll or 
tisijuc. Several exampicft in whioh this goal of 
quaiitititive edtimatioii on the tiesue level has 
been practically rcaiified, ftuoh aa miorospectro- 
phctoinctrlc measurements of nucbic acida or 
micro- and uitrtuninrochemioal d«t$hninatioa of 
onaymif activitiey or of other substanuwi, illuatrtitft 
cleajly tho tdfipiiticant contHbutiomi of quantita^ 
tivo histochemiatry. 

MucOEKjlysaccharides^ do not swjm yet to be- 
lonjj to tboftc substances for which thw important 
goal htvs r«^ftohed or ovon $xwy»'wfully ap- 
proach^. The coiitraat betwoon the jr<?at number 
of staining methods and tb*>lr modi&tvations and 
tlw ftuarcity of pertinent information tlw ou- 
currence and quantitative dieiribution of various 
tnunojwlybiwcharidei in different tisaues charac- 
ttM-iwJS ad*fq\uitc*ly th** pre«(int ritato of affairs. 
Cotvtoqwmtly a revii^w of the quantitative as- 
-pects_of_th*r;i method« cannot offer more tJum to 
point out bbortcomiria^i "and limitatio(i«^ and 
skctTh aomft attemptij" which p\tctually mig^^^^^ 
provide m Mth bettifr tools in the future* 

Tn this picwntation the quuntitativ** tUjpot!t$ of 
w^mo stabirig type of methods for the hiato- 
ohftmical demonitratloA of tnucopol>>iao<fharides 
* From the Symposium pr«»onted at.th* 13th 
Annual Meeting of tha Hi«tochttiaical Society , sup- 
poriad in part b>r grant 0-21841 from the >atlcn?l 
§oieno(» Foundation. , . , 

» Since the descriptive term "mucopolyeaoohiv- 
ride" has b«»n u>ed throujgh<nit this-svmpowum, 
it wUi be retained in thia paper; on* should note 
that reoeutly th» u*e of the aamc •^Klycoaammo- 
glycMi" haa bean suggested for polyaaootuwides 
cofxtaiainj; amino sugara (23). 



will be roviewed, based mainly on our w'ork \vith 
Pr. E. A. Balaaa using cation ie d>x*s. b^>m con- 
sideration!* ttlative to tlie problrm* of |L\;XCioa 
will no«'*»RKMnlv precfMle thiiidiisTUJfsii^ii. In thn .-iec- 
ond paxt> mViK- atUMupis oi ai>i>t,> an: ivklcro- 
chfcinlcal mi>thods to the aiiaJybitf of niut^nwly- 
Sttccharid*.-?? on the tiiwuc level \vUl he prpiieuUid, 
worked otit in coUuboration ^Wth Dr. S. OiitM, 

FIXAIIO!? OK MOCOPOLVSACCWAniDi;.-* 

The oluBftioai requirftuients t^i Fetation in histo- 
logicaJ tifniis include inatant irnmobiJiiatioii of the 
met^ht)lic eventj; and their aubstratesi. prcserva- 
tirtn of the upaiial relationship of the cell anj? 
tissue compouenfs, prvvcnnotx of phyiical. ch«mi- 
cal and outolytic artefact^, atabllisatiou agaicit 
«ubfii»quettt step* of ti'eataient and proiuodng (ot 
lioa-interferftnoe with) the stainint; of the various 
tissue 8truouire.v To fulfiU these critwria in the 
ewe of mucopolyftacoharides appeura more dif- 
fiooli than gkuerally appreciated. One b;u> only to- 
think of the proporries of a substance like hyalu- 
rtmic acid, its cw»y solubility mid i>courre:ico in 
the tiwue iu a hij;hly hydrated ittate, to unrfer- 
eraod thai moat of the romiiionly ii^ed routine 
tetivca viU not aderpmioly wrvtt the pui-po^'e- 
An example of a genwuUy applied Sxativa which 
is for mueopolj-saccharldes entirely unnatitjfactory 
i;* u dolution of fonaalflphyiio ia ^r^^tor. oxrr.irtin? 
these subetancc* from the tiaeue to owasidtfrablc 
c>rtent. ^'Eijcarion'* of a tiseue Uke uml)ilicid cord. 
^ vitr»oua-body, rt>o*ter comb or maiiy patholoKical 
^iiwuea in u formaldehyde 8oIuti(m will rftsult "ia 
the ftceumulation on licit hivtum of thw voddel-ot a 
hij^y vi»cou» gel, indicating that part of the 
mucopolyRtuiohttritl** hu* gone, aad with it the 
hope to de»vtt*trate thow lubitancwi properly 
tind ciuantitatively. Although this phenomenon 
might b« Indicative of- the presence of mucopoly- 
saccharide in the tiseue— rticontly ev«a described 
a» an useful scr*etung t«^l i:^;)— tlii« pnMtcd^ir" 
will certiiinly oat qualify a» histochemictd. Th* 
partial prewpatlon of nxucopolysaccharidet* upon 
formaldehyde treatment ^a^nfta aot to be bused oo 
any real fixation of theae aubdtaiicHs bat r;^thcr 
the reaction of formaldehyde with atructuruU"* 
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ivtxi, btuwd raaiijly on our work %nth3 
ilaits using cutioniii dyea. iSonift con-j 
l Utive tu tilt' ))roblcm5 of ft.>i4tionJ 
ily precede thierll&oussioa, Ux tho becJ 
^ime attempt of appbHug mloro-l 
thodfi to thy unalv-sis of mtJ<'0)>olyJ 
.iji the tissue lovel will be i)n^*»ated, j 
in oollabomtioft witli Dr. fc>. Oardell 

ON MaCOrOLYbACCHARIDlsIH 

include iastant iitmiobiHaution of tbel 
•cuts and their substrates, preierva* j 
apatiiU r6latinft*hip of th« CftU and] 
'u«iit&, preveation of phyHical, oii«ml* 
il>tlc artefac:«, stalulization (wunatl 
f.«pii o£ tmtnieui luid pvomotiui; (or 
i^udc with) the dtalDing iif tUe various j 
To fulfil! th(^tttr ctiteriu in the' 
ropiilysaccbarides appears mor* dlf*j 
riiorally appreciated- Ohb only toj 

properties of a Bulietwioe like byalu-1 
ita Biwy solubility aad occurryuots iuj 
• u hl^jhly hydrued STJit«, tn imdwr- 
moflt. of tiie eomnftoaly used routine J 
.1 not adequRt«ly ^crve tho purpow.j 

f){ a senerully applied K.\»tiye wKich] 
olysacchdrides entiwly uJwariaVoclury j 
. [>f formaldebydia isx water, extracting 1 
mcea from tie tissue u> aottaideroblei 
' latiori" of a tissue iUcc uaibilicrU cordt-l 
ly, rooitor con:ih or msi\y pjitholojicalf 

formaldebYdo fiolution will ro^uJt ial 
.auon on the bottom of the vewel of 4j 
"IB y:et. indifiatiaa that part of tht| 
eobarido baa gone, aiid with it chej 
moastrate thftMc dubstanofttf properf 
naively. Although this plu^tivmfiut'Aj 
riictttive ni the presence of mucopolj 
.a the tiwiue-!-reoentl)* awti deicril>ed| 
■X ecreoning test (38)— this pro© 
iv nor qnaUfy as histochKmical. 
ervatiou 01 mueopoly&ajeoharlUeti upuij| 
de tmotmont ve«mfl not to bo bOMd ( 
tiiwn of :bwe aubetouocM but rather < 
n of formaldehyde with stmcluru 



agflociated protwins. Slace rhi» latter interaction 
jtt»ulC9 iu 6> loweHai^ of the ifi\*>6lcotrio pulnt. thia 
fi;catlon will interfeio with suVvaequent (ttaining of 
laucopolyaaccharides with oiitionir dym through 
an overall intreade of baxophiliu. The alk)vu fuel it 
Indicate that tin oqueoua delation of formalde- 
hydo is undoubtedly an undesirable fixative for 
xnaeopoly^acttharide*, in epite of some contrary 
. opiAiexiv (33)- 

The u»e i>f alcohol or other dehy drifting ajfcnta-r 
aloae, with adftition of mlu or um part of flxutivA 
i];jNWe»^>tvill tend to prevent aolubili^xtion of 
tuueopidyaaoeh;tritie. Thid will niuinly be ba^ed 
6d their precii>itutioQ and leave Chein chemically 
umltered. Such a preelpitation fe usually not Ir* 
revAnible and consnqunatly rRHohtbili^tation oan 
occur durini; aubtsot^ucat atcpB tjf the hibt'>]o(cicuI 
proeeuine In water containini: media . The marked 

' tdlrialcage of ttlcohol^flxed tissues after routine 
proceefliD{; ht likoly to ititroduon cbanKetr in the 
9truetural relatioiuhip and might result iii mis- 
leading ](x!uli2aii(m. 
Tltc U!»e of aoidi imd acid containinf^ fi.'catives 

. (or **muciiift^* might be traced back to the conimoa 
use of acetic acid an, a minrple te»t for biological 
fiubst&ncee a centiirj' ago (30), haviiif; it« analog 
\n thfi Inhnrttory tPHt <yf "rnuoin olot" formation 

, of Bynovial fluid. O'uder theee ooodittoM mucv- 
polysacchuriden are preolpituted us a ct»r»pUx 
with the proteia compfwients pre:<ent. ia thii co- 
preelpitatioa the autun* of the mucopolysac- 
eiaride* k somftwhat altered, siatifr their anifinic 
group* arr involved in the complex fomialion 
with pMtein. nepending on the strength of the 
liaiti^ and on 6ub3<><iuent trftatmftnr, tjucb 

- "inusin dot formattDQ within the tissue" mijdit to 

. eonie extent Interfere with the use of cationic dyes 
IJy domoniitratioA of amoopolyflacoharideH. 
. The general rticommcadatifm of Caruoy fluid, iu 
»mea tbe..«ffect». of both acetic ijcld and alcohol . 
; ,'1.^. *^^^1<^' would indicate that l^ittU of 
"'^J^jy^^^*^'"" oomirn with" xhh aftd'eimilttr* 

^P'^^P^^'W.) alrhoufth thia m not eupp(;rted by aay 

. '"Watrtativc analysis. 
l^^^tnih^z principle rcMultiriflf in docreofied iolu- 

^^jgW^^' *^***r catioiiio eubetanccs in aqueoim • 
'■Li^ *"'bi»-ion. Kxurnplw urtf h;wlc lead 
ijgTOjj^ (22), barium hydroxide (13), lead nitratft 
: ■ .■«e»lcimn acetato (31 ) *,r qimtf mary anunnniuni 
' i^}. Good fwultj have bten obtainftd 
If alcoholic fwctttivftfl in fr«e«e-euber.i- 

\ t't^^ouui'Ki>.stJL-ui 10 uavcasnujiii 

ba«ic in view of the somewhat analogouu 
tij-f^l fnr precipitation of mucopoly- 
in preparative work, such as alcohol 



in combtnutloii with bariuan 17) or calcium 
(;U) I'lrd long -chain aliphatic "lUatcriiary aiu- 
nionium comiHutads (40. 41). O)»viously these 
caMoolc iuh*tance3 act in precipitatiux the mucv- 
polvKaccharides an their Bulie. In histocKemical 
terms thia means that the reactivw anionic groups 
■ of mucop*>ly«accharide3 are lav4>lvfid and. in pHa- 
ciple not ava:labl« for interaction with other 
otitionic euhotaaees like cationic dyes. The com- 
mon cxperiRnce of deoreased metichromasia after 
prolonged basitc lead acetate fixatioa, m^ttore^l 
after acid treiitaient. bears out thin point clc:triy. 
M hx tho cua4t ui aJc<;bol, the usb of these aub- 
alancHft re^ulta in a marked shrinkage of the tis.j\ie 
and often difltorrton of it* finor Ktmoture. 

The abovo conaiiierutiooa indicate that "fixu- 
tion'» of mttcopolysacchuxid«9 will niuiuly canmUt 
of their precipitation within thn tiissue 8truci.ur*(x. 
Undesirable effects as.physioul uintortion due to 
ehriukage or a Coiiaidnrahlc degivc of r«v«n?ibiJity 
witli danger of subsequent . losses are minor iu 
CfmipariiMm with the diaadvantuge of the h.^ativts 
wxcting with the fliinxe chemical ^rm\> which 
aul*)iittt{u«ntly hits t*j bt; uj(,«d for the histochemical 
deaioofit ration of the mueopolysaoch;\rl(lei. U«- 
pftnding oa the concentration of thu r^c^nn iised 
th& eiitionic compoajid <»mplore.ti in prfcinirafi(»n 
might sabsnuimnrjy be repiacod by the dye caticn, 
rftjwons why In pructicfi the use in hxaiion the 
abovw mentioned salts yieidH (^ualiiativcty mu^- 
factory result^. 

From thewf an<l further consider a tior^; ir will 
appear that the interaction of carionio dyes wit-h 
mucnpolyw^OcKaride'J is CSaeutiuily c<Jtnpar:^bl^> ti? 
I heir iuitraction with cations like buriunv. caleiuiu 
or <]iiaternary ammonium compyundij. Appro- ' 
ci It ting thiy ,'inalogy wculd iu<i**Rd mean that ft 
fix/itive effoot can In* ficWeved \^'iib th« tiunwdiafe 
use of The cationic dy« it^self. obvlatiuij ih« rtj- 
„plaeerti»nt of one cation for anorh«r. Tl:is in fucn 
nan h« realitKed with very satisfactory x^xiUt with " 
the of fresh frjcftu SKctionn. staincd ininictii-- 
ately with cationic dye solutions of sufificiently 
hiirh concentration to precipitate the mucopoly- 
saceharides in 4itu (43, 7). Thie procedure, avoid- 
*hriul«i«K uiid exposure of the nuict:p<uy- 
saccharides to other »olvents than the dye, gava in 
<ittr hands Hwiilts euj>erinr tu th*>/c oluulaod on 
fixsd and' parailio «nib«ddcd material. Although 
expn.$inK th* s^^ctlons to osmium tetroxkte.v-npor^ 
improves eyt<^ogieaI details, such treatmeni 
detracts fnim *th#r main advcuitapi of this pro- 
vi'uuic, i.u. avuuaag eiitijoicui .iiterutmu^^ v^mcu 
itf an absolute prerequisite for thA evttuativn of 
thft qnantil-aiivf naf ure of the inicractior: of 
mucopfil.vsaccharldes with cationic dyes. 
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CA'riONJC JDYLH FOn TII£ UKflaO.SStltVTlOK Of 
MUCOPOLYAaCCHAWUEh XSO VHK I^TOICHJOM- 
ETRV Of THl-: KKaCTJON* 

U svindd a|>iwur that pr;u:iicaUy oli of the Brain- 
ing methods for mucopoly^iieokairldiee dopiitid on 
tho use tif cittionio dyi!« or cattonio eompW^^es 
colored 6uhw(iuently by orher proceduniB. In 
tbix review only the simple eattor^c dytis will be 
dlftcusaed, sine? ualy in ihih ewe duta are ftvolU 
ablft on the quantitative nature of their interacUoa 
with mtioopoIyimtiotvarldfM, supplemented by 
chemibol studiug. TKano dye* u»uaLly eKhlbit 
metiwhHjma«la» which will not be c<>nflid«r6d Hdrc, 
havlniflf l>««n reviflwftA wcflnily on sevcrjd occttalon» 
(39, 20, 9). In f^ot the phenomenon of meta- 
chromasia, i.e. th« changy? of th« absorption 
tfpoctra, is not. of fundam«utai importaiwH from a- 
quantituUve p>iut ni vi6w an<l its study in solu- 
Uonn aeemc to have detracted attention from the 
phAuomena oi pr«c;ipit<»tion. These havnj been 
known to the old histolotfisis and uiaieifi^d deiu-ly 
in Tfwpoct to histological staining as "Niedcr- 
whlapfilrbun^'* (35). Wore x^ecently, studies of 
this aiip^fci of the reaction of cationic dyes h*ive 
hiM»a initiated by Balasj* and collaborators (*, 5t tii 
44). Although thK finally adopts niethwl of away 
of th« dyehinding in tiirtues more azoicrochemi* 
cal procedure, it had direct reievance on the oon- 
ditione under wixieh cationic dyttti should be u«(fd 
for optimal hi»toohemioal staining of mucoiwiy- 
SACcharldes. In many ^v-aj'a theae studies represenr, 
tests M hiRtochemical applicability and they will 
bo therefore briefly summarised below. 

If a eoUitioa of on an ionic polyitaeeharide is 
mixed in viiro with a cutionic tlj'e such ^ a^ux'e -I 
In sufHeiont amount and concentrauoa. a meta' 
chroiaatlc precipitate will fonft which can be 
separated by centrifug^ti(>n and tiie amount of 
dye ixjund eatimated by meiwuring the extinction 
of tho eupHrnatant free dye. Tlie ctrnditinmi und^r 
which Kijch a pr^ipJtat* is obtained inatead of 
the f{>rmation-of -a HOluble-metachromatio ooni' 
.plftx. havft-been siveA In dciuil ela»wher« (5, 4+)*. 
When this <iuant.iitttive tw<ay i:* applied to purified 
muc<HXjlysatcharide3 and the dyebindingcoropared 
Willi ineir tuiiuuiit and chemical eon\p<wition, 
one flnd« a {quantitative relatinniihip between the 
number o.f dye mi^ftcules bound and the number 
anionic «rt>upH per dii'rtcchiirido unit (Fiff- 1>. 
Thi« means not only that mucopolysaccharide* 
can He preoipitated by cationic dye«, but tjiso 
that they ore precii>iiaced in a atoichiomeuic 
way, each dye molecule occupyinj; one negative 

Similar atudie** have also been curried out on 
extractb of connective tissuM, containing muco- 
polysacchaiides, aiid nuch Ueauw dirBctly. In 
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MOLECULES 0Y£ BOUNO PER OlSACCHAfttDE 

Fm. 1. Correlation between the amount of 
catinric dve bouud and the numb«r of anionic sltea 
per dii5acc*hArl<i« unit of various mucopolysaccha- 
ridea. Variotw i>atcht»s frf Xa or K salts of muco- 
poly«accharideti (HA I, 1^ JH. hyaluronic aoidj 
KS, keratan Huifate; CHONOR-S I, II, ebon, 
droitia sulfate, and 1I£P, C. 0, O, heparin) were 
ueed in i^queous flolutioD* (pH 6 to 7) Azure A 
(I to 0.1 ynU) used as cationio dye. The dotted - 
line rflpreaents the theoretical oue-io-oup raiio 
between anionic tiitea and the dve raoleouies i 
bound. (Modified from Saimiai aod BtUaxe (44), 
with permission of the Ouatav Tischer Verlagj 
Jena,) 
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the la I lor ca6« an5Ne<i frozen j!oction.f .irc pUc^fl 
into the dye bath imd are removed from it by 
ecutrifugalion nftcr equilibrUim has been rwoubed. 
In this way wt» attempted to iavestisa-t^* how far 
the ficoichiometry also holds for the autive muco- 
polyeaocharldc in T-he tissue . The resulu of such 
studios (S, 16. 47) indicate that onxdo estraots 
of mucui>*ily»;tcchuride from tisRUR** like r<K>ster 
comb or attsal septum cartilaye bind the cationic 
dye proportionally to the muoopolyjaccharide 
content within an error of up to~l(/%T Although no 
'qU;intitut.ivo- xludies - havo bwn. madp _ on tho 
contribution of aubiitaneos other than mucopoly 
eaceharidw tt» tH« dycblndinjr of euoH extraotn, It 
seems iil:ely thai the somewhat higher values will 
be due to bindinR by the cnrboro'l groups of the 
proteinn present. The ratio ci bound dye lo the 
aniriiiic tfrinips *tf [uu^;oiJoly^u(;charidft!* in the c:i!?<? 
of whole tissue sections usually exceeds unity 
further Uiao in o.\t >*:irU, up to 1 .2 ^.r 1 'A in tlm case 
of nasal aeptum cartilage (46, 47). This clearly m 
htSf*i\xi*» th.it nninnio jsrovip* oth*it than those of ^ 
muoopolvKdcchairiUes ab'> iJaruciya».ti ai uic un* 
binding,' and in addition to protcinS evidently 
nucldc aciihi uUi* ct)nfrlHiit<* to thp total value 
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(45, 23, 

DHHal rtcptiini fli 
tion und dialy? 
~€vcu if incoi 
^v>nic AToup 
to unity (40. 

From the ab* 
we are inclined 
cationic dy*f« 1 
jQoavb^ic Cv 
charides result 
formation of 'j 
the coitiponeni 
nitit>. The 9air» 
tt^e a^lationsl 
dycbindinv Is 
tiontj. Whorea* 
other thiiii th- 
tissue will corr 
(A dyobindin;,' 
evutuatina mi^ 
compoatnta ic 
that in the caw 
nat.ivit mucopo 
not (j!trt>cipati 
Qt)t bf. displuu 
cuudlrions a^< 

Tlitt pr!tc:ic 
these sr.udie.-j 
chemiHtry are t 
stoichiometry 
use yf tiie dyei 
mirror h4» mi ciil 
iresh or (ivcl-u 
an overall «ri: 

ing vn the jv. 
ttsiiutt in rcb[;(. 
valued tnliilit 
quant it a hi vtf ri 

rh;ititl(.! (if ;i 

metho<i iirive 
satufuct.ory 
Cal diUu do. i 
that vh*! 
this reaction i 
of rlio mcfacbr 
the Uchniqimo 
studies in rhi^ 
concerning n'*c 
of the mouuiiv 
suitable micr*' 
UritM or cunciv 
finding % suh.^' 

necftasary for 

eharncfirjisriM 
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m hatvi&tu the amount, of 
lad tbe uuiuber of aoionlc sitea 
i: of vftrioui muoftpolyRttocW 
LOb of Niv or K aalU of muco " 
A. L I£, III, hyaJuronic acid; 
e; bfl6XDk'S t. 11. choa-.. 
HE?* CP. 0, hepariay wtsrt 
tiutioDis tpH 0 bo 7). Axiirft A 
•ed as cationio dys. Th« dotted 

theoretical ona-to-one ratio 
ites and the dyd moaeeuleft 
:om Szlrmal an<l Baloass* (44 ' 

the Gustav Piacher Vorlanjt 



ttd frozen wctior*H are placed 
;md ftte amoved from it hy 
ttquilibriuiu has been rcuoh^d. 
?cipt6d to Invetfti^ata how iox 
l$o h<^dA fr>r tbo natlre mitoo- 
hp tissue. The results of euch 
; ir^dieate that cnid« extracts 
-ide f7on\ tuiKu^ like rof>dt6r 
im cariilit^c bind the catiouift 
" to the -mucopolyaaccHttride _ j 
iTor of up to 10^^. Although no 
»9 hiive Iwon made on ihi>': 
diaiicca other than muoopoly- 
lyebindlnjf oi nuch extracts, it ' 
iij KomHwfaut higher values will , 
»y ihe CJX^Hftxyl groupe of tb»"! 
*hf! ruti(j uf bound dye tn iho < 
nuopolyftieoharidea In tho cosft 
ctioo8 ueviolly «xeocds unit/] 
ncu, up to 1.2 or LZ in the oiise | 
irtilaje (W, 47). Tbi* dewly] 
rtio groups other than those of i 

.Idttinn to proteins evidently J 
contribute to the t.otal viiiuoj 



(45, t», 48). Furificivtion of cnnla boin«n?enate« of 
nniil tirinum ouxtUaae by peptic tuid cryptic (ligfts- 
tlon .*iud di:ilysl8 6h<iwed thul removal of protein 
-^vpii incompicto-^UI bring the buimd dye/ 
nnionio gn>*ip of mucnpnlysaccharidfl ratio cltjee 
to unity (46, 47). 

Ffom tho abovo atudies and «ther co/ieide-Ftttions 
we lire inclined to coaclude that the intvruqtioa of 
cationic dyes liltc iLKure A-aa veU as nny other 
moaobaeic oationic dy«— with mucopolyeao- 
ehuridetf results, under suitable ooftdiuomt, in the 
formiixjon of a dye -polyani on complex* in which 
the coniponents are pri'sent in a fttoichiomtitric 
ratiu. Tb^ Hi^ine oonolusion la refipoot lo <iuckutitu- 
tive re;J;ition5hip sfexn* cdao to be valid ^hcn 
dyebindJnc is carried out on iinAxed time sec^ 
tions. Wh9T9^ the cuntHbutiou vS imionin jcroups 
other than those of znucopolyaaochoridcd in lh« 
tissue 7ill oflrT6Hj>('ndis;;ty incii:eu9e the fuxol vaiue 
of dyKbindlnif, tn some instunceit micnv&opio 
evaluation might distinguish between tho various 
co&iponeuttf involved. These datu nUo 4U;gge;it 
that in t'he oases studied the anionic groupH ni the 
nativ(» mucupulyftaccharide are free or in any ea«d 
not porticipatinit in any intsraotion Tvhieh could 
not displaced by the cai ionic dye under the 
eonditionft used. 

The practical eon^ideratiooQ emergtog froca 
tbctttt atudies in respeet to quantitative histo- 
chemistry are txrofold. Pir«t, establishment of tha 
Btoichiometry of thim IntAraction validates the 
, use of thtt dyebinding a*iay u« a micro- i)r ultra- 
micnichemiottl mftthod, applicable to unfixed 
fresh or frozen-dried tissue eectiorg and providing 
un overall e^timnte of the fre» anionic ffroupa in 
the iiK»ue- Under eoirtiin conditione and depend- 
ing on th« tnucopolyiucoharide content of the 
tissue in respecr to the other e<)tu(tiru«nt«, the 
values tniiUit in practice give an approximato 
quantitative meMUrc of thu total mucopolywc* 
charidft of u tiMue. Some appHcutionn of this 
method have b«ftn made recently and sihtjw^d 
- oaiiafact(*ry-agreoui«nt-ijf tho reeults with cheml— 
Oftl dut^fc (4tJ,,47, 3C). Secondly, it would, appear 
•bat the eetabliahment of this stoichiometry mak«s 
this reliction applicable to direct measurement 
of the »ief.a<fhromatic ovmplex in the tiwue. iwint; 
the tftflhnique of microepectrophotonictry. Further 
•tudies in this direction are nt!o«»Hary, such as 
coucemin(5 conformity to the Beer-Lambert law 
of th» metachromatic oompleJC, etnHoratioo of a 
•citable ndcroscupic model for ciuaniiiafcion in 
^*Ttaz of concentration of the frew unionic jroupe, 
finding a eubstitutn of suitable refractive index 
forwalpr .-u* monnUnc wdiiiitH. U'hich Kpcni*; h** 
ft(tCQs»ary for the maintcnano* of the spectral 
chanuitoristics <jf the complex, etc. Also fixation in 



the usual sense Khoatd bo uvoidml in fuoh w^trk. In 
fact approaohe* uloag these lineM have l>een madfl 
by several investiifUtfJTO in the piuit (11. 10, 7*}. 
Uiilixin^ th« advanitiife* of the sti)lchioractric 
aaiurfl of the reaction Bh<iv»ld Oiako such effort* 
even mof« vtiluable in future studies. 

Alr-hough tb*! above considcrationis might Indi- 
cate Home rewarding iM)9sihi7it!ed for thtt u^e of 
cationiii dy«ij for the quantittitive escimation of 
mucopolysaccharides on the tis^uft level > some 
shortcominip such iw the limited ipccificity due to 
punicipuiioQ of other pyly unions constiiuu tiefi- 
nito druwbiwks. Anotber serious limitation lies in 
the difficulty in distinKuiahing the vari^as types 
of mucop<»lyBacchariae usln« cationic dyo». Many 
attempts, in(wt.ly on somowhai empirical Oasis^ 
und wi^h inaulHoient chemical control, have been 
made in t.hU direction in the past. To quate only 
ufew cxainpIftA, ditferentiu[i^>n hM been atteaipted 
throuijch variation of the alcohol coacentratioa o£ 
the dye bath (42) ^ thw fltippre$siae elf act nf dif- 
ferent salt c oncer* rmr Ions (8, 29; or the 9Upprt:*«- 
loR effect of low pH on the staining of various 
mueopolyeacchurides (11). .\lthough such pro- 
cedures mij;ht be theoreticuUy juiiMflfld, they also ^ 
raided many ouutroverslal puincv attd misht havd 
sever<i limittvtiont in praotice (30). An illuct ration I 
of such problems in rt:tatii*ii to the effect of the \ 
pR on the dyebindfcg and metachromatic iiaining \ 
will be given bilow. ' 

Sincft the interaction of cationic dy^s -with 
poly anions is of on electrostatic nature, It vill 
obviously depend on the hydrogen ion ct>ncentra' 
tion of the medium and the pK valued of the 
anionio groups involved. This U clearly illustrated 
by the effect of th« pH on the dyebiudinjDf of 
hyaluronic acid and chondroitin tiulfate (Flj. 2). 
Hj-alurotjic acid, cont;iininff only ono carboxyl 
RToup per di^acchwide unit, will hind one dy« 
mulecule at neutral pH. Lowerias the pH will 
grodualiy decw?:^ the dissociation of the car- 
bo.\yl jijpoup and suppi-ciw the dyebindiiig mark- 
edly bciow pH In coDtrast, eh omlroitin sulfate 
binds two dye moiooulHH per diaacchiu-lde-unit at- 
neutral pH, with both carboxyl and enlfate par- 
ticipating in tho biudinflt. The pK of iho»*R' two 
charged groups being different, the Inwerin? of the 
pH will flret affect the earboxyl group, which vill 
1«» unable to biud dye belov pH 2, whw the sol- 
fate yrotip is etiU nearly completely dlssociat<>d. 
The riyebinding at pH values of I to 2 is due prac- 
tically ttntlrnly to the sulfate groups. This reduc- 
tion of the dyobixidiyn; to about hnlf at this lo^- 
riH— /.r Hfrr'>nH*> '*f p^rtinine Jnii^n^'f^-- -tp (♦..nrvrtyr 
to complete suppression in case of Don-&uJfatcd 
mitcopnlysaccharldnM would thus appsar tm an 
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Fu>. 2. Effect of hydipKea loa ^''ic^ntmiiou oft 

tiora ^-ere luiiufltgd to vimous pH^a with HU. 
(From e^irmJu ftnd Balaa« (44). with ptn»U5M0ll 
of tho Guetav Fischer Verlag, J«ua.) 



useful mode distinction Uween sulfatad *.iid 
noTi-BulfftUd mucopolyBwsoharidw. 

Manj' connective tiwtic atmotum bHow ?uch 
aboUfthed etoixiinfr with cationio dyes at lo^ pH 
vrvhies. oftttii Intwpreted-in full a«r««ment with 
thtj above conisidcraitii>ti!*-a« un induiation oi tb€ 
pteseacc of a non-sulfated mucoix^y&ftcohundo. 
SucK awrked low of tbn dyebrnding aad m&ta- 
chromatio stainbg hoe bean ob^erv^ in prc\aou» 
nTudipj* of the na»ol stepturo oortilaico of the stncr 
or huroe (U, 46. 47, 15), In thi» ti»»ue tb« sunpciv 
choadn:a"layw"(**fii8tnayer'*) and lu-old amm^aa 
ihe CfSBtrtJ part of the cartUfige (*:third layer ) 
show a nearlv complete auppreesioo of tbo staioin? 
with ozTirt A at pK 2, compared with the Hainjng 
at pH 7 (FiK. 3). Tho intwpretution of these dif- 
ferences tunong the varioua la>'«tt of ihU cartilnge 
proved to h« more cwnplicut-od tHtoi ehould h^ivo 
bwjft expefltod on the biui* of the above cojwdera- 
tioos. For a further study of this phenonieniin 
direct chemical onalycit* of pooled RiwupleH of 
dUwctHii Uyem has been carried oat oa woU a** 
the dyebinding determined QUflntitatively 
throughout the various layex-e (46, 47). l>yeHindinK 

WiW lucaAlUHtl Oil .v^iiai •• " * 

a cvVmdor perpendicularly to the aurface of th« 
septum. ttltcmaU gr'>up« bmutf uwd for histo- 
ekemietil control and dj'ebinding wAdy at pH 2 and 



re3poctivay. The naiults of auuh api>hcaHun 
tn« dyebindins aw Ulustraied ia 4. 1 hey 5ho«r 
a trraa.iiu ir»crfi:i«c of the onneentraHon <»f fre« 
aniouio 8il«it towards the wut^fal part of tKo curti- 
lage, with a Blight decrtfiise in the third layer. 
A^fiuming the prcsenc« of a sulfated mticopoly. 
wwcharide like choadroitiu suWuio. oti« woold 
expect a d^creaae of this dyebiading at pTI 2 to 
about- iudf of th« vahit found at pH T. Wherca* m 
the second layer the rtttii> of the dyehinding at 
pH 2/pH 7 is indeed cl«*e to the expected 0.5, 
it ie lef*s than 0.1 in th« iirat lav-er and only about 
0'^5 for the third layer. Ch«nuc:il unalyais of the 
iiiolated layers sK^nved h<jvrever that in all three 
layem the total hfixosamine> Hcxuronio acid aad 
sulfate content were raaaonaWy dose to equimola: 
and compatible with ajwmuing most of the muccv 
polyHAcch^ulde to be chondroitmfl suUatft, al- 
Lln/UiiU t.ho v:iluek ".'**r'^ 1"^' i° ^"^^^ firtttUyer. 
Theee data sugge-ted by ao meune evidence fw 
the prewnce trf a non-aulfaicd nvucopolyfcftccha^ 
ride, which could have been inferred from tha 
abcvc effect of the pH. Analysis of the isolated 
layers of the nasal aeptum cartilage further 
showed' a very high protein content ui the first 
and A quite high protein eontent intbe fch^-d layer, 
in comparison with the second layer. Thw sug- 
g«(ftcd That th« iupprei*9ion of the dyebmding at 
low pH might he due to the restively lin:«e 
amount of proteins in these areas. That the pro- 
tttios m cartilage tiwuo in fact do interfere wnb 
the bindin« of the dye haa been further *ub. 
stantiated bv at.udies using d^proteiniaatiou and 
fyrnwddehydfl treatment of cartilage hoiuugenai 
both resulting in the inciCftse o£ the dyeblnding 
pH 2, whereaK practicully no o(feotAV;ts abservo/1 
on the d>-ebinding at pH 7 (46, 47). The.e e>:peri- 
mentb would indicate one of the possible ex- 
plarmtiona a competitive eff<»ct of the catlonic 
group* of proteins, relatively incrcbding by lower- 
ing tho pH. Several vbbcrvawons in the pc^f^ 
suggested »uoh, aujnt_erfering 
chromatic staining in solutions (21, l^r 
"tiwue" BimUor effects might wcur, for wli»«l> 
further ffvidenow was obtained in regard to micro- 
scopic structures of the cartilage ground ^^wtaace ^ 
in histochemlctd and interfemmotrjo *tudi«« (i+» -r 

IS 16) ^ 
UtiUrfttion of vl»e effwt of pH Jn dlffeT«ati«l i 
hUlochemical .talnSng witbi oaiionie «lye".ppeai» ^ 
to be valid only under conOitioa* whow the above 
d«iK)il>Md lnt»ffefla« »ffeet of pTot«n» can w 
excluded, -which ^ai hardly be th« «Mfl in Mxy 
ti8«ue without detailed chemioul analyw- Other 

, t .wfi4..i;v»<vlr Hwtintraipnma 

sulfated and nou-sulfateU niucopolyaa«cbanoc», 
sucb ua differential romoval of the dye by 
solutions, might also re<iaite furtljer caref.il com- 



HCl. P: 
pfiritioc 

- .^l^fn h;v 

ih** oaf.' 

In s,\ 
'actcr . 

•6Tiii;ri; 
Oh* lui: 

: llijiit.<»r 
ti<*r* 
».t... 



1 0-05-1 99S 1 :07PM 



FROM 



P. 9 




WANTlTATlVfi HtSTOCHEMlSTUY OK * MUCOI^OTXHACXHA W01:;S 



21) 



rttHultM of nn^h ipplieatlon ol 

of tb« conoiminilion <>? f^c 
1 t.K« coMJrixl pArl of the carti- 

d«oicurtK In iho third l:\yei-. 
^nco tif u sulfuted mucotw>ly- 
mUroiUn. Kulfiite, one ^vould 
.f the dyobioUiag at pH 2 lo J 
liiB fwnd ftft pH 7. Wheretm in I 
ic mio of the dyvbindiug ut J 
t)d olo«« to the cxpoctcd 0.6. ■ 

tbfl lir«t lay«r aud oajy ab<«it ^| 
lyer. Chcmlctd ftutdyaia of the 'I 
vod however that in all three •| 
NWinitine, hewironic acid azid ;| 
;> reaswittbly cUse to oquimoUr J j 

be chondroHine sulfate. al- |l 
vere quite iov In th« lirstluyer. 'I 
Ltd by no aieiwu* cyMance for Ij 
iioa-«u)fa.ted mucopi)Iys«ccha-r 
have beon itierred Umi the 1 
.* pH. Ar«dy8J» '■li® utokt«4l 
^a! fi&pcum cartilagfi furthnp' 
'h protein conttiui ia the 
.'oieiD content iath« third Uyer, jl 
b the second Iftyer, Thii SUR- ' 
pprwtsion of the d,vebindtng at 
h due to tbfi relatively J 

ija thcit Kretw. Thttt villi pro- I 
i-osiiCi ic fac'v du Ir>tftrfc-re with J 
riG dy*i h*^s been torther iub-il 
clit* u£iins d(*protfttni7.ation iicd ■ 
vtnient of cartilage KnmogenuteB. j 
V.Q ittcrffiise nf the dycbindin? at i 
uotioully no effect was observed J 
r at pH 7 (46, 47). Thene experi-1 
ic:itG as oue of Che powihlo ex- 
.ipotitivc efifect of the c:aioni«l 

relatively inoreaiiiDg by lovfcr- j 
/eral ohwirvatiocs ift th** pa^U 
u mierferinc effect oa the metap| 
v.g in- noluiions C^l, 13- 35). jnl 
n«jcis miijht tHJour, for v^mcM 
was obtained ia resard to microJ 
of the cartilage stouod 8Ub9tan«l 
ind interforcmfttric siudie* (li^ 

the i^lfect ^rf pH ia ftiHewntii 
.iuing i^-ilb caiionic dyes appear) 
imdftr conditione wliere the ahor 
(^.rinc e^Tect of prot4*infl ain 

will hardly be the caae ia 
tfstailad chtfinlcal suialyaia. Othej 
.quuntiiatively diatlsgulshia^ 
^n-suifated mucopolyeaoehurldeajj 

• ?i1bo r^uirft further careful OoB 




pwiiion with chemical data. Although frotu bw- 
ehemical work uwrful indications r«gurdiiig the 
cpitieul Kttlt flolubility <vf uation-polyanlou com^ 
plexea mi«ht be deriTwd {ilh w«i in «>o »tudie* 
aleo hayft provided ample data on ealt effects i>b 
* meta«h«>ina»iu (5)7 such data apply mainly to 
.fpuiiiied mihetancM. lo titusuea py<>t4jitt3 are tdvays 
. * 'preaent and miijUt modify the diasw ability of th« 
tiiXthfl eation nmoopolyaaccharide complextS; 
' In npit*' (if thtt pyit!ibli«ho.d stoiehiometric char- 
i^^ftwr of the Intoraetion outlooic dyes with 
.^■iuebptJyeaccha^ the neooswry 

*^it*Tla reKardlng fixation* and other cuuditiona 
^iwe fulfilled— their tine fj>r th6 quantitdciOTi nf tlie 
TijjLtioug muoopolysaceharides seems aa yot .to be 
"""ted- la aoiae tiHwies &nd uader certain ci>ndi- 
i catloaic dyea 9f\\\ ^ve a reasonably accurate 
BSte of tho lotiil free aaiooic »it€B of rouco- 



nf dlstiaguiabiog auautUatively the various 
iubfltanoo* withia this group. In casen wiiere (m« 
in dsaliDK with 00* typ<f of roucopob-sacchariri^ 
onl>s or where differentiation )>eiwepn vurir.u8 
mucop<>l/»accbaridfc» Jf« not required, catiomc 
- dye* oerUinly luxv© iX)Ufl:iiilitie» worh further 
explorutinn. As a hiKtochemiRul stair mK niiithcd - 
they wiem to he Buperior-t« a«me other procedures 
ftucb a* using colloidal Li^Jii, alciaa blue or (mo M 
their ttwmy ta<>dlfiofttiofl., which-althouRh prob- 
ably basically similar-have aot been mvctttiSAt^a 
in r«iipect to their quaaticativ«. miture aud we 
often caryied out at pH vuliwib where uo optical 
reaction c(vn hn e:tpected. 

MlCftOCHEMlCAt OLTiCRMlNATJON 0? itUCOfOI.Y- 

The example of ^e nftsal *8ptura caitlbge, 
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Tiia, \. QvAotitative away of the dyebincting on 
uwial UDfixftd inyzen sectdons of tbe paeni «epcum 
cartilage (borec, > 8 yejxn old). A*ure A. (O.S^ftrtf) 
in aqueous oolutioa at pH fi.7 aad 2.1 rtopeotiveiy, 
the Utter a.aju»ted with HOI. HistologiciJ recon- 
81 ruction (bottom) oorr««3v^>^i<i« layera 
fciU.»w*n in FiH. 3. (r/om Siiirmai and Dojic (47).) 

la\er*v*HilU U' cli&tin^iiahftU uii tho brtfiiB of histo- 
chemical staining or quuatitAtive taaay of tKft 
biuding of catiouic dyes, illtmtnitca clearly lhal 
duch mttthod* might reveal niow diffeiwities than 
they can csplcuTi ia terms »>f cheTiniettl eompoeition. 
Further aniil>-Mib of isolated lavt^r* of thft n-^tA 
ftoptvun. oiirtaage shoved dilTerence^ among the 
thrws Jayere in tha ^u0y8amia«/i;:ilact.osOTnine 
ratio 47)raDd it becftine tippivrent-thut only 
quuntitative frnctionuricm of the vnrioua niuco- 
])oly»uccharidea wiiuld provide furlher Ittforma- 
tiun. A saethod wus needed miuitive enou^ch tp 
Ue.ll with tifcw nijcrojjrama of mucvpolysocchnode 
utid recovering quuniitatively the various fnw- 
tinos from the tissue Qtrucrurot suit'Uvly iBoliiced. 
Th« mothvd of ^ractioaatitjn utfiug ^Uuternary 
aaimonium compoundj^ like cefcylpyridinlum 
chloride, based on thu &tudle? of SotHl (-iOt 41 )> 
t»«emed to have pvtentiAlitiwi for 4uch an a|>- 

udupied by muuy wgrkera in ihe bivchttnuoui 
field, Uut fio fir the lowest limit Ait its bctst was ia 
the milHgram order of mapiitude (37). Pra- 
limiiiAry experiment:* by G^rdell and Soott (1S> 1) 
Rhowcd the possibility of recovering pure muoo- 



poly^chiinrift from (v ini.'slaro Ui/wn to 25-50 ui;. 
In a jniuL effort with Dr. (lardcll and his group ttc 
ait*tinpted to d«v«l»>j> u nmlhud accordinj; lo ihig 
principle on the ijiicn>>:ratu acide. The mulino of 
the procttdure and 3f>me of ite re3iilt» arc pre-sented 
hei-ft merely to il Just rate the possibilitiea und 
prwHeat limitatioud vf thi« approach ; the method 
has been publbhed in a jirelimino-ry form {2> nnd 
will hw doolt with in- detail elflewhere (3). 

The method i* haaed ou tlte principle of pre- 
clpitatiap the muct>poly&accha.ridH mixture from 
the Molubillaed tisKue by cetylpyridinium chNtride 
uud ♦tepwiw* fraction id riution wiih soiutinns '■»f 
neutrtil bttltB of incttiuaing cono»ntrunyn uwni; \ 
cellulose column aa support. Briefly, tht* subiib. 
qiient stepH are x% follows, The tiii»uc SAn\ple 
consieJ.ti of one *>r imvcntl tiasuft s^clions obtuiaed 
by serial cryoetat acctioninj; or of niicrod:w«hited 
portions of froisen -dried seciioni. obtained ac- 
oordinK to the procedures- Uevelofmd by Iq^tj 
(3S). The tissue «amples are., dnr»nding on thfjir 
mucopolysaccharide content, of the order of 
luajSpiitudR from 5U to several weighed with 

suflfioknt aoouTJicy by the use of electrobulaucc 
(Cfthn InirtniTOent C«m Purwnount, California)- 
Placinjf the veighinK chamber of the bdixnce into 
the cryoitat aJIovs also immediate iiwasurenicnt ■ 
of the' V6t wtfiglit and culcuJfliion of the writer 
cyment of the ?amrlKH. The tiK5u« aamples :ire 
then digested at using d ^solution of 
ttctivcted oxT'TJtalline papain for several hour?. 
The digest in then quar.tiutively tinmiiferreO ou 
the top ttf u colunui i>aeked with (;«llulose po^'dar 
and saturated with a ioUuian of cctyhiyriUiivium 
chloride. Th« pteoipittutid complex w eluced first 
vjth 1% ectylpyriiniuiu chioridH and then wttii 
st4?p\vi4e Jncn»atfing conpentraiions of XuCl or 
M^la , th« opilmM salt concern rat ions being 
wJcoTfid oa the btusiii of the or;tic:il if liability of th» 
- expect edmvco poly sac chrt-ride (41) t\nd tttttted in 
pilot ex-ptinmcati. The amount" <>: aiuC(^jly»io- 
chnri d« in cadi fr^c : ion li determined by a sli ghtly^ 
modified El^on mad Mor^pnn pn>oedure, allowing 
estimation of about 1 mk of hesmtimine m ib« 
lower limit. The vnrioits possible errors of . the 
prtKJL-Uure, the rccovcn* and Uiu "ptlmnl mucfn- 
trafciona of the eluenu Udve been (Jctormined ^fl- 
i-xporimRntfl ni»in(f homoeftniK(*d cartilajcK p^^wdcr^ 
of horse oaeal «»pta, !>uoK preliuiinury tejsts intli-Jfc 
c.atrd rhut the main fraction:* of atuc*>pol>'sat-TP 
eharida ia thi* cartilajcp have their critic:d 9<jIu- A 
billty in 0-6 aadl.O *V Itjtflh nibpectlvely. whores*^ ' 

contains considerable anjounts of hexos amine. 

.Tbe method outlined above hae hctin appHi 
to serial acetiona from a cylinder cut in the ory< 
Stat from Korw xiaeoi septum, alternate sections: 
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j\ a mixtfir** down i.i> 25-50 mS« 
1: !')[•. <tnrt 1(11 :\ti(\ hw (froup wc 
op a nictKtJil iiccotxUnj; to Lhia 

omK \y(hs reunite lirt presented 
luftinxte the pi^tfiibilHiea :ind 
uf t,h« upprwh ; tha method 
in u preHminapy form (2) lUid 
(i detail elMHwbcrc (3). 
)%»(>d un cbe principle pre- 
updl/su^churidu mixture from 
le by cutylpytidlnium ohlorlde 
ional clutlon vilh tiulutlotio of 
j-euving Ci>nmiU'u.Tii)n astui; a 
li 3uppi>rt. Bfiofiy, the inil)«(i- . 
a f<jll(m». The tiaauc aaoxpto 
.pv«r£d tissue ueciions <;btained 
•ttetioninj^ nr of niioirodissectctd 
i-dried iMtctiona, ohtjiiaed oo- " 
r)C«duros developed by L^wtj 
.inpies are, dftpeading on thtai 
.e content, of tb« of dor of 
t(i BBvcral lOO weighed with 
ijy ihe UM! of au elect robtdtince 

Co., Puniuioimt, Cdliforula). 
iv^ chuAiber of thtt balance into 
s id&«> immediate lueAsurnniBftC 

and ciilculiitlon of the water 
nples. Tlio tiwTie stunple* ar« 
^'C \i4iiijg iO m1 of A ipolurioh of 
lae papain fur several hoara. 

<m:inUi'Ative!y tmnMerrM on 
IX packed with coUuiose p<*wdor 
I a $(iliition of cetylpyridiAtun * 
ipitamd cninplex k aimed first 
<liniuiu ohlitpidn and then with 
if coQCRntrulioTia of XuCI or ■ 
..ul ault cyncfutratioiw heiug 
iv of the cvitical solubility of the 
*'»:»/*.chnri<i[* (41^ arni Ifr^jitc*! ia ' 

Th« wiu;unt of muoupolyetw- 

ion-is deTermim:d-by aaliuhtlyj 
td MnJiJtan pro«odurfl, allowinis ' 
>nt 1 M hexv>tjnmLue ufi the j 
various pi««il>ltf on*or3 of th« 
'overy and I he optimal coucen*j 
,.*'uid hav? k*f«i dotormioftd in 

h«>niogenked cMtilugc powdorl 
' ':. ^?iich preliminary tivt* indi*^ 
itiin fractioiK of muoop^ilyKi^-l 
•"■iliK^; have thpir critic jvl s^'lu- 
) AT MgCla respectively, vhercflsj 
idlnium chloride fraction alfl" 
loie ojutiuias oi Jiexoiiuiiuc. 
itllned ubove haa benii appliedj 
I'rom tt oyliader cut in thu ctyo 
iual septum, alternate sectioua^ 




<'f old horsca (>8 years); in yf;tintr anlnuds ihii 
iuw.rUin is nnifofio in a! I !iu-t;rs .md df}^ nut 
excLKiJ the low vahnf>K found in the perichor.driunu 
In aevoftti otisfljj «uch d<i:tirrminij.ti4tna liavH been 
madfl on tissues ^ntwal iepitirn curtilage, iutwr- 
voTttihrui dhe) xvpurated ioto chu various uou- 
tomloal layern by microdiaiiectiort. Jjuch tixpfri- 
mAnta have shown t-hat the ia\n'»opolysacehurid« 
coiufXAtirion can difToriiit;;ni£caDtly in thei»e lidsuea 
over ciiataiiccM of l()t)> uad that- such diffcrciic.fs 
Cud l»« i^;*olvcd w;j>arutinK The main mucopoly- 
saccharid«ft int.fi fractions of nor ni»re than a few 
micriigrams* The method was oIro applied to 
piwiWd $;unpleii of null :iuiallcr niiofo-HCupic dl- 
in(in«ionfl, obtaijacd by microdisiiection of ihe 
chofldronos (iaoKenIc chondrocyte yroupn with the 
surrounding bwophUio z<>m) And the rcmaiuint; 
interterritorlftl purt of the ground Hiib^rauce from 
the third bii-er of the titustxl flepcunn CiXriilaicft. The 
results are fcummiiriaed in Tab) a 1 And show that 
tba conf\pc«ition of thi» Hiucopoiyaacchttride in 
these I'wo amae 15 e»cntially ideniical^ and m i« 
the conccntrittion nf the lorol mueopnly,nic- 
chariilH pfir unit dry wmght. Thib in o<iurv»ti9t with 
the marked ditforences in Uitftochencucai protMtrtie^ 
of these two atn;oturM as appar«nt from <TainiriK 
with ciirionie dydn at low pH, wh«r«iw at pH 7 no 
substunti.'il differeneeii in chaining iuterwity could 
l>e detected (15, II*). 
The»& results i^ujrxest tnier(>tfting po9«tblIiti(^ti 

being taken for mlcrochemical ^naly«, and hi«to- I'^fl^'Tf 1 P'^ 

ch<,nuo=J ^.uiniuK. The <li.trlbuli<,„ of the main '^^tZ^* I' t''^"'-'"'^ ''T'!;.;; T'""' 
mii/...iwu-u^^k^^«x* f *• ' » >4 * * However, severiu problems obviously 5ti I have to 
nmcftpvJyfliiflcbanac fracti(»n9 w plotted against .m.^^j ^-r^^^^.l ^u-.^i. c^^. n lu e 

rhoM.nn..r.r(M.dcr-asse.iiotioftbenmlsepcuni J' 1 ' - 

aa .hown in Pig. 5. The v.riou. fruotion* follow * <=*^'^^-^^^'^^^«i-« tmd iaonr..licuu.n of the 
difrareot puttern md iilu*trti<^e tnnrkcd dif- 

ferenctt* in the composition of the cttrrilaffe In TAHUi; T 

V4ri«iw lai-ftrs. In the 8ubperieondri:U part (fiwt v.^ /■ / w ^f 

layer) tne mam muoop^^ v-Hoocbande I* contain«d , -j . ,iy>t . ,/ , , ' , 

iu Lh« 0.ii .V MkCI: Juble fr::ction. cozwdtutinK '' '^^^^^^^^^^^^^^ 

bthe^,ndlayer, tlu.-l.a.VNiyeU^^ fruo^^ _a/.U^/.V.^^ Th^rdUy.r..j 
tiou reach,, aVeak. wh^r^a* the former grod- -V^^^^/^^^ yi^^Mtf^r.. , > 9 ) ear, r^^rf) - - 

«al»y deorcws. Both the 0.8 a«d 1.0 .V MgCU i K*jo£.*4«m..KC 

■ *<'l«ol'* frtciions show Buoh » gradual dtcrwasio ' ^%dryweichtj 

' towards r.hH centn*, whetCiis th« 1% cotylpy^idln- ^"''"'^ ! 

lum cWoririo aoiuble fraction 96eivdily rifies. In j i^^^ 

" expftrimente \dth different Rttmplefl of !' 

nuAn! oepfa crtfteatially the snme patwin wax ob- , w rpt: ' o q 

L^.ierv«l, viih th« 0.8 .V MgCl* fioluble fraction oc- ^ J y^tiO I 0 8 

wipytng alwuya a peripheral poaitiou Qomp.%red q'o 'y vlk'^K i *>'n 
RiV2L"\^ ^ MgCla soluble fraction, which J^j; | ^ 

J' ^hediTjjTiAximunrilnth^K^condlawr.Thifl wfw f'ov\r.H^u nV. 

k ■ 'ii »ii*wa Kepta i>l: young and old ani- ft v HGl ! 0 ft 

tS:^ toaJs. Th» hiffh 1 % cetylpytidinium chloride f rac- I 

i.^'/* Total i 0.4 

t:«aii- present in c»rtain area* of fchn nasal wptum ! 



Fitr. 5. ^^uaatitacivo fruotion^tion of muco- 
pulyyacohurides on iteriul froami ^Actions of the 
Daial s«pMun cartilage (horvc. > S years old), the 
mala fritftlona shown were eluted with 1% cetyl- 
pyrkiiniura chloride (I). 0.8 .V MgClj (3) and 1.2 
7v MgClg (S). HUtolotifieal n>o(>w}trMction of the 
hky«r4 od in Fig* 4. (From Ant^niopovdos et al.. 
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muci.p<.lv*:«»li*f«'e fractious. A dWMilmiaaulysu 

»e«ms no; L b« feu.ibl« wUh pre-s^at day mciKod.. 
Tkotefow direct coaclvwi.^ wigwUinit identity 

"L would .trfv on th<. ctiaracwri*«c cn»ifl»l »alt 
soluluUty Itaclf. On dUcK grounds obs 
ume tLt tlu> O.Sand 1.0 .V MgCl^.uiuWe (M* 
nttLge would cousist «f ohundr»iwn »u»w«s. 
TheT%cetvlpyridl»ium chloride i-Auble fraction 

Kw?ulso ker.t»i> sulfate. Kferaiuu «ul aie 

a £rS/of iwppeurt to b« soluble iu e^ce^H of 
coSSS^diniun, sMoride (18. 1). The already 

of gluccwurviiie ia the th.ixi l*wr of_ tha h. rte 
1^1 *.pr,.m 471 would indicat,,^ th« po.- 

Kpo™ibl« for th« rise of th. 1% c« >JyH- 
in^urchloride fraction \^ the o^ntr.! p.rt of th» 

""Sbviou-ly inference* lik« oboCe need further 

riTo fracUoas obcai^ed by the ».me pro- 

BVptum c«tiiftK« *nd indicate thut m f»ct 

likely to b« ohundroitin 'V/ ^ ''""'"'i 

:;K.l.»t<>«.miae,witbhexur.>u.cuo.d.nd.au^ 



s;s;;^'ci;i:,ride -oi«uie 

«y?oi the, total he.N<>«fflii«e ^ gl^ioo-iiii^inc *^th 
hr«n. value Cexpre«.d «. aot«s«) ^nd 
sulfur uear to equim..lM. e.>mp»t,l>le wilh the 
« umptioa that the .uUta»c« Is.kerat an .ul^te 
-Wha« Lther .t«die« ou the ideatifioatiou of thfi«« 

c^n^poeition »f the mueop<.lyewchur.d« m toe 

?L7the fraction with the lowest crinc:>l «oluba ty 
Ltcdlmedi.uU- underue:Uh .he penehou. 

drixun. whe«t« the «.xin^ T*"^":"""^ 
n. friir.tl.>n i.. Lx-'Ued m^r. and m.ire 

toward* the centruni '>i the '"''^O?;' "'1 "^'"i^ 
Whaf^er the explanatio* ..f the different 



; of thc^ sal.(rac.l..r« mi.ht turn 
C probably «pr.«cnt difference. .".I'l ^ 

of the ourtil;We of the nwul m»wu. 

Thes^ preliwiiiwy residix :tre mr....iaea mi.y ta 
Mlu. r« the p..9Hibir..ie. Of the „u.r.Kheavca 
oloui the,. Uac*. f 

lover limit of the meth.^! «>«t.lit.ed » ^^^TZ 
.,r » few « niuc..poIy»*«ch:",de per 

,b.t tb. ««olu»ion iB ™«P^'»l':«*t'*; like 
*Hth lisaMi rich in • mucopolysacoharirii. i>w« 
rirtil-W is uot mor« than SO to 100 ^. iuMher 
retn Sent n.wuired to ullcw ai.aly.'.» «t the 
Ten level nr in tln^ue. vrith v«ry !«w inuc..- 
«lv,a cbarid. content. Our experience with ihU 

r«&:rl;c far u^ted to ^^-^^ ^ 

the intetvcrtPbral di.->c. and 

digestion procedure '^PPl--^.'^"^"^ 
s,aubiU!atii.n of :h« tissue, with .ippajaiit alter- 
Son of the ^«cop..ly«uflcKar;dc. farther -tu.U^ 
S hav. to »bow wh.th«r this pr.>C«Uvr.. will be 
:';Ucl..le to other tls.ue«. The '^'^^^ 
in chemicul t.«i»« (or fractions with 
IritSrubiUtvofthdreetylpvTidliuumcWoru^^ 

r will have to U tested la f.rth« , 
eSrients Mvd ways of idcntif yins the inic lom 
:Ed oa the mioK^Fam ..ale -^J^ 
spite of many question* to be answered by future ^ 

Tthod illustrate its potential value for quanf- , 
wive hiatociienustry, -Jl 

An.n>HK.tuv histnchrmlftry of muvopoly.-^ 
in this --..V Tlu. mtem^ 

und validity, th. quantitati... ^^^^^^^l^ i 

^ k fulftUcdvFi>;ation in th« .^^^ ^ 
S S ^vith the acmon.tr.tioU of mvujo^K. V 

.^r'^b. av-oidM through dia..t 

Stdyes. Under curefully ^uuohed comto^ 
i^mtlUtiuu of tl.e free -iom. .n>ap. of - 
Jolyfiaccharide. might be .pp UeableJ ^eg-^ 
LJ^tropUotomotvy on tho H.^ia of the .to cb; 
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citlitiluni chl^n'i'le- 
nil^ht lum out to 

ih« pcrifcral part 

rum. 

: iiuendeti only to 
he niicroeKomieal 

i. At prcacnt tho 
lied ia In the riage 
le per frnctioa, 
-ipical terms, even i| 
AyuttcohAride like 

to 100 M- FurtKcr 
:vv anulysia i^t tbo 
iU vcfy luw inuco- 
xperienco with thia. 
■HUce cartiiafft und 

ill bor.h cu«ttft tho 
jsultftd in complete 
bau AppATont alter-. I 
ide. Further atudiea 
U procedure will be 
^He reaolvjiiij power ! 
ms with ver>' oIcwmi ' 
I pyridlnium chloride , 
i>e testud In further 
tifyiQg tbd froctlonift ' 

scule explored. la | 
. ;ui*wercd by future 
obtmjied with thi» | 
'A vihic ff>r ciuonti- 



.JJCLUSION 

early bcpliuuDj? at I 
•able ivlonK two linos] 

Tlio ii»tewtio»\ of! 
yist\c*'hatiri!^ appear j 
.tolcluonictrU^ mxture ■ 
- t\'e iwaUifttiou of-thff 1 
.if certain JCOJ[idi^aoafl| 

nUion of ' niuv-oiioly-j 
l>-e» in sowral wJ.y*J 
lUitvt in Aiif. P«^| 
•saw^.bitrtdes with caV* 
controUod comUtior' 
ionic groups of muc 
applicaWe to mier 
buas of the stoich 
(tuantitativci mfflsurw 
)nlc groups ia fii ta«v^ 
tion of the dyebindu: 



in {Hire, iidd under certain cfnitlltious fjan provide 
jfc rea>:tMi;ibl,v twTurate estimate of the total rnu«<H 
polysio'harido t-ontent, Ta neither of tlifietj t^vo 
approacJies the us** of cutionlc dye^ offers a suuple 
meems of quantitatively distlngulfihing the vari- 
ous typ^s of xnuL-oiwlysttccharidc. Thi? go*l &e«in» 
to be Hwre oa«ily attaiot^blft at present by ajipii- 
estion of chemical metJ^tKU on the loicrognim 
acdle, 43 described here on the basts of ftraotionaJ 
elation of mui'fopolydttccharide-cetylpyridinium 
compIe.Nf? ard enabling determinatiout of a few 
microuniiiis »>/ mucoiwlyttftooharide in a «iven 
iruutiou from digested i^ample^ of tissaes like 
cartilii;;o iui<l intefvertebnt] diec. Such nucro- 
chemical methods an* e\l'i<K;ted to offer many 
poeeibllilaea in antidytii-al and metabolic studies 
of rrtucoi>ol\'ftaceharitks oa the tiiisue level; they 
also mu.v bi^ used to cHeck the vaJidity of histo- 
chemioal metiiods of the Btdining type. 

AckaQw[ed^raeat9< The approaches wcnma- 
rijrti in this ri'vifw riprtnifd through periods of 
/niitful iroUaboration \vith Dr. E. A. Baba» (Bois- 
twi) atid Dr. S. GirdcU (Lund), whose inten^jsit 
fur the liistixiunnicai level of analyaifi was jju)»t 
etlmuluting. The c-oriiwration durinigf 
.^pha«'9 of thviKJ 3tudz**s Tvith J. Doyle, B,Bc«, Dr, 
H. Galjaard, F. Klein, chem.drs., kiss M, T. C. 
Katttti>» Miri« P. C. van der Linde and E. 
de TyKMHiHic in (jratefuity acknowledged. Finan- 
dal 6U]))>t>rt for various parts of the original wort 
■ . rcp/trtttl \\\'i> nhtaiaed in part hv grant* of th<' 
I ... U. S. Public Hi^ulth Service (A-2io»), tho Hv4en 
ifay W!::im'y Foundatiou and tho KhourutitiHm 
Reeeareh Foiuulation "Dr. Jan van Tinn-men" 
and by follna-ships or travc^l grant* from thf 
Retina Fotnnlution ancl the Notherlundy Ortiani- 
mtion for Ihu't? Rf?searoh. 
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